Plantactinospora veratri sp. nov., an actinomycete isolated from black false hellebore root (Veratrum A novel actinomycete, designated strain NEAU-FHS4 T , was isolated from the root of black false hellebore (Veratrum nigrum L.). Strain NEAU-FHS4 T formed single spores with smooth surfaces on substrate mycelium. The novel strain contained meso-diaminopimelic as amino acid of the peptidoglycan and xylose and glucose as whole-cell sugars. The predominant menaquinones were MK-10(H 6 ) and MK-10(H 8 ). Mycolic acids were not detected. The diagnostic phospholipids were phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylinositol. The predominant cellular fatty acids were iso-C 16 : 0 , C 16 : 0 , C 18 : 0 and anteiso-C 17 : 0 . Phenotypic and chemotaxonomic analysis showed that the novel isolate had characteristics typical of members of the genus Plantactinospora. 16S rRNA gene sequence analysis also indicated that strain NEAU-FHS4 T belonged to the genus Plantactinospora, with highest sequence similarities to Plantactinospora mayteni YIM 61359 T (98.88 %) and Plantactinospora endophytica YIM 68255 T (98.85 %). The results of DNA-DNA hybridization and physiological and biochemical tests allowed genotypic and phenotypic differentiation of the novel strain from the most closely related strains. Based on morphological, chemotaxonomic and phylogenetic data, strain NEAU-FHS4 T is considered to represent a novel species of the genus Plantactinospora, for which the name Plantactinospora veratri sp. nov. is proposed. The type strain is NEAU-FHS4 T (5CGMCC 4.7143 T 5DSM 46718 T ).
The genus Plantactinospora was first proposed by Qin et al. (2009) as a member of the family Micromonosporaceae. Members of the genus formed single or conglomerate spores on the substrate hyphae, but no aerial mycelium was produced. The genus is characterized chemotaxonomically by the presence of meso-diaminopimelic acid in the cell wall and arabinose, galactose, glucose, mannose, xylose and rhamnose in the whole-cell hydrolysates, MK-10(H 6 ) or MK-9(H 6 ) as predominant isoprenologues, phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylinositol as major phospholipids, and iso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 as major fatty acids. The DNA G+C content is approximately 69.0-73.0 mol% (Thawai et al., 2010; Zhu et al., 2012) . At the time of writing, the genus comprised three species with validly published names. During the investigation of novel actinomycetes from the root of black false hellebore (Veratrum nigrum L.), strain NEAU-FHS4 T was isolated. In this study, we performed polyphasic taxonomy on this strain and propose that NEAU-FHS4 T represents a novel species of the genus Plantactinospora, for which the name Plantactinospora veratri sp. nov. is proposed.
Strain NEAU-FHS4 T was isolated from black false hellebore root (Veratrum nigrum L.), collected from Wuchang, Heilongjiang province, northern China (44 u 219 N 127 u 999 E). The rhizome sample was air-dried for 48 h at room temperature and then washed in water with an ultrasonic step (160 W, 15 min) (KH-160TDV, Hechuang) to remove the surface soil. After drying at 55 u C for 30 min, the sample was crumbled into small pieces and subjected to a five-step surface sterilization treatment: a 5 min wash in 5 % (v/v) NaOCl, a 10 min wash in 2.5 % (w/v) Na 2 S 2 O 3 , a 5 min wash in 75 % (v/v) ethanol, a wash in sterile water, and a final rinse in 10 % (w/v) NaHCO 3 for 10 min, and then drying at 100 u C for 15 min. The sample IP: 54.70.40.11
On: Sat, 29 Dec 2018 09:52:28 was ground into a homogenate with a mortar and pestle, applying 1 ml of 0.5 M phosphate buffer (pH 7.0) per 100 mg tissue. The homogenate was spread on a plate of humic acid-vitamin agar (HV) (Hayakawa & Nonomura, 1987) containing cycloheximide (50 mg l 21 ) and nalidixic acid (20 mg l 21 ) to repress fungi and bacteria. During incubation at 28 u C for 2 to 5 weeks, colonies were continuously transferred and purified on International Streptomyces Project (ISP) 3 medium (Shirling & Gottlieb, 1966) and incubated at 28 u C for about 2 weeks.
Biomass for extraction of genomic DNA of strain NEAU-FHS4 T was obtained after cultivation at 28 u C for 2 weeks in shaken cultures with GY medium (Jia et al., 2013) . Genomic DNA extraction and PCR amplification of the 16S rRNA gene were carried out according to the methods of Lee et al. (2003) and Loqman et al. (2009) . The PCR product was purified and cloned into the pMD19-T vector (Takara) and sequenced using an Applied Biosystems DNA sequencer (model 3730XL) and software provide by the manufacturer. The resulting 16S rRNA gene sequence (1508 bp) was entered into the ezbiocloud database (http:// eztaxon-e.ezbiocloud.net/) to find similar strains. Multiple alignments with sequences of the most closely related actinobacteria were carried out by the software CLUSTAL X 1.83 (Thompson et al., 1997) . Strains having a similarity with NEAU-FHS4 T higher than 97 % were chosen to reconstruct phylogenetic trees. DNA sequences (1508 bp) were trimmed using MEGA 6 software (Tamura et al., 2013) . Using MEGA 6, it was found that the General Time Reversible model together with Gamma distribution and Invariant sites (GTR+G+I) best fit the data for the maximum-likelihood analysis. These parameters were used for maximum-likelihood analysis in the MEGA 6 software package (Felsenstein, 1981) . A neighbour-joining tree (Saitou & Nei, 1987) was generated using Tamura's 3parameter method, which is the next one down from GTR and could be implemented in the neighbour-joining options. All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). The stability of branches was evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 replicates. DNA-DNA hybridization to test relatedness between strain NEAU-FHS4 T and Plantactinospora endophytica YIM 68255 T and Plantactinospora mayteni YIM 61359 T was performed in triplicate using the method described by De Ley et al. (1970) under consideration of the modifications described by Huß et al. (1983) , using a model Cary 100 Bio UV/VISspectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with insitu temperature probe (Varian). The DNA G+C content was determined by thermal denaturation (Mandel & Marmur, 1968) and Escherichia coli JM109 was used as a reference.
The almost-complete 16S rRNA gene sequence (1370 nt) of strain NEAU-FHS4 T was used for phylogenetic analysis together with those of members of the family Micromonosporaceae (.97 % similarities). The highest sequence similarities (.97.0 %) were between strain NEAU-FHS4 T and members of the genera Micromonospora, Verrucosispora, Salinispora, Polymorphospora, Xiangella, Jishengella and Plantactinospora (97.01-98.88 %). Despite these high 16S rRNA gene sequence similarities, strain NEAU-FHS4 T clustered with members of the genus Plantactinospora, which was supported by a bootstrap value of 55 % in the neighbourjoining tree ( Fig. 1 ) and also recovered with the maximumlikelihood algorithm. The phylogenetic results clearly demonstrated that strain NEAU-FHS4 T was more closely related to Plantactinospora mayteni YIM 61359 T (98.88 %), Plantactinospora endophytica YIM 68255 T (98.85 %) and Plantactinospora siamensis CM2-8 T (97.78 %) than to other members of the family Micromonosporaceae. DNA-DNA hybridization was employed to further clarify the relatedness between the novel isolate and Plantactinospora mayteni YIM 61359 T and Plantactinospora endophytica YIM 68255 T ; the levels of DNA-DNA relatedness between them were 60.1±1.3 % and 40.0±0.9 %, respectively. These values were below the threshold value of 70 % recommended by Wayne et al. (1987) for assignment of strains to the same genomic species. The DNA G+C content of strain NEAU-FHS4 T was 73.6±0.7 mol%.
Morphological characteristics of strain NEAU-FHS4 T were observed by light microscopy (ECLIPSE E200, Nikon) and scanning electron microscopy (S-3400N, Hitachi) after cultivation on ISP 3 medium at 28 u C for 5 weeks. Motility was assessed by light microscopic observation of cells suspended in phosphate buffer (pH 7.0, 1 mM). Cultural characteristics of strain NEAU-FHS4 T were assessed on ISP 2-7, nutrient agar (NA), potato-glucose agar (PDA) and
Czapek's agar (Shirling & Gottlieb, 1966; Waksman, 1961 Waksman, , 1967 at 28 u C for 3 weeks. Colony colour was determined by comparing with ISCC-NBS colour charts (Kelly, 1964) . The temperature range for growth was tested on ISP 2 medium at 4, 10, 15, 20, 28, 35, 40, 45 and 50 u C for 3 weeks. Tolerance of strain NEAU-FHS4 T to different pH (4, 5, 6, 7, 8, 9, 10, 11 and 12) , using the buffer system described by Xu et al. (2005) , and NaCl concentrations (0, 1, 2, 3, 4 and 5 %, w/v) was tested in ISP 2 medium in shake flasks (250 r.p.m.) at 28 uC for 3 weeks. Catalase, urease and gelatinase activities, starch hydrolysis and nitrate reduction tests were conducted according to the method of Smibert & Krieg (1994) . Other physiological and biochemical tests were assessed as described by Gordon et al. (1974) .
Strain NEAU-FHS4 T was an aerobic, Gram-staining-positive actinomycete. Substrate mycelium was well developed, but no aerial mycelium was observed. Non-motile, smoothsurfaced spores (0.51-0.77 mm in diameter) were borne singly on the substrate mycelium ( Fig. S1 , available in the online Supplementary Material). Strain NEAU-FHS4 T grew well on ISP 2 (raised and folded, vivid yellow) and ISP 3 (brilliant greenish-yellow at first then orange-yellow), moderately on ISP 4 (vivid yellow), NA, (light yellow), Czapek's agar (pale orange-yellow) and ISP 7 (dark orangeyellow with dark orange-yellow pigment), and poorly on ISP International Journal of Systematic and Evolutionary Microbiology 65 5 and PDA (vivid yellow). Growth of strain NEAU-FHS4 T was determined to occur in the pH range pH 6-10 and with 0-1 % (w/v) NaCl, with optimum growth at pH 7-8 and with 0 % (w/v) NaCl. The temperature range for growth was determined to be 15-45 u C, with the optimum temperature being 28 u C. Detailed physiological and biochemical properties are presented in the species description. Strain NEAU-FHS4 T presented a phenotypic profile that clearly distinguished it from the species of the genus Plantactinospora, in particular spore arrangement and colony colour on PDA and ISP 2, 3, 4 and 5 media (Fig. S2) , the range of pH, temperature and NaCl for growth, hydrolysis of starch and Tween 80, reduction of nitrate, production of H 2 S and urease, and patterns of carbon and nitrogen utilization ( Table 1) .
The freeze-dried cells used for chemotaxonomic analysis were obtained from cultures grown in tryptic soy broth (TSB, Aobox) on a rotary shaker for 2 weeks at 28 u C. Cells were harvested by centrifugation, washed with distilled water and freeze-dried. The isomer of diaminopimelic acid in the whole cell hydrolysates was derivatized according to the method of McKerrow et al. (2000) and analysed by a HPLC method using an Agilent TC-C 18 column (25064.6 mm, i.d. 5 mm) with a mobile phase consisting of acetonitrile/0.05 mol phosphate buffer l 21 , pH 7.2 (15 : 85, v/v) at a flow rate of 0.5 ml min 21 . Peak detection used an Agilent G1321A fluorescence detector with 365 nm excitation and 455 nm longpass emission filters. The whole-cell sugars were analysed according to the procedures established by Lechevalier & Lechevalier (1980) . An acyl group of muramic acid was detected in the peptidoglycan by using the method of Uchida & Aida (1984) . The phospholipids were examined via the method of two-dimensional TLC, and identified using the method described by Minnikin et al. (1984) . Menaquinones were extracted from freeze-dried biomass and purified according to the protocol of Collins (1985) . Extracts were analysed by an HPLC-UV method using an Agilent TC-C 18 column (25064.6 mm, i.d. 5 mm) (Wu et al., 1989) . Fatty acid methyl esters were extracted from the biomass as described by Gao et al. (2014) and were analysed by GC-MS using the method of Xiang et al. (2011) . The presence of mycolic acids was tested as described by Minnikin et al. (1979) .
The cell wall of isolate NEAU-FHS4 T was found to contain meso-diaminopimelic acid, and whole-cell hydrolysates were found to contain glucose and xylose. The acyl type of the cell wall was glycolyl. The menaquinones detected were MK-10(H 6 ) and MK-10(H 8 ) (Fig. S3 ). The polar lipid profile was found to consist of phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol and an unknown glycolipid (Fig. S4) . The cellular fatty acids were composed of iso-C 16 : 0 (37.3 %), C 16 : 0 (12.6 %), C 18 : 0 (12.5 %), anteiso-C 17 : 0 (9.6 %), C 18 : 1 v9c (8.8 %), iso-C 15 : 0 (7.9 %), anteiso-C 15 : 0 (5.2 %), C 17 : 0 cyclo (4.1 %), iso-C 14 : 0 (1.4 %) and C 18 : 1 v7c (0.6 %). Mycolic acids were not detected. Strain NEAU-FHS4 T shares many chemotaxonomic characteristics with other species of the genus Plantactinospora. The phospholipid type was PII of Lechevalier et al. (1977) , consistent with the other species of the genus Plantactinospora. The menaquinone components of the four type strains were not significantly different, and the predominant menaquinone is MK-10(H 6 ) or MK-9(H 6 ) (Zhu et al., 2012) . The fatty acid type of strain NEAU-FSH4 T was 2d according to Kroppenstedt (1985) , although it contained relatively higher levels of saturated fatty acids compared with the other three type strains of the genus Plantactinospora, which might be influenced by different growth conditions.
In conclusion, it is evident from the genotypic and phenotypic data that strain NEAU-FSH4 T represents a novel species of the genus Plantactinospora, for which the name Plantactinospora veratri sp. nov. is proposed.
Description of Plantactinospora veratri sp. nov.
Plantactinospora veratri [ve.ra9tri. L. n. veratrum name of a plant, and also a botanical generic name (Veratrum); L. gen. n. veratri of Veratrum, referring to the isolation of the first strain from Veratrum nigrum].
Aerobic, Gram-staining positive, non-motile actinomycete that forms single smooth spores on the substrate hyphae, but no aerial mycelium. Soluble pigment is produced on ISP 7. Growth occurs at 15-45 u C (optimum 28 u C) and pH 6-10 (optimum pH 7-8). The NaCl tolerance range for growth is 0-1 % (w/v). Positive for the production of urease, cellulase and catalase but negative for production of H 2 S, liquefaction of gelatin, hydrolysis of starch and Tween 80, reduction of nitrate, and coagulation and peptonization of milk. D-Galactose, lactose, D-mannitol, D-mannose, Dribose and D-xylose are utilized as sole carbon sources, whereas D-arabinose, inositol, raffinose and D-sorbitol are not utilized. L-Alanine, L-arginine, L-aspartic acid, creatine, L-glutamine, glycine, L-serine and L-threonine are utilized as sole nitrogen sources, whereas L-asparagine, L-glutamic acid and L-tyrosine are not utilized. The diagnostic diamino acid of the peptidoglycan is meso-diaminopimelic acid. The acyl type of the cell wall is glycolyl. The whole cell sugars are xylose and glucose. The phospholipid profile comprises phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol and an unknown glycolipid. The predominant menaquinones are MK-10(H 6 ) and MK-10(H 8 ). Mycolic acids are absent. Major fatty acids are iso-C 16 : 0 , C 16 : 0 , C 18 : 0 and anteiso-C 17 : 0 .
The type strain, NEAU-FHS4 T (5CGMCC 4.7143 T 5DSM 46718 T ), was isolated from black false hellebore root (Veratrum nigrum L.), collected from Wuchang, Heilongjiang province, northern China. The DNA G+C content of the type strain is 73.6±0.7 mol%.
